408                                  PHYSICS OF THE AIR
The laws of the reflection and refraction of sound in still media are the same as those of light. They are given below, but assumed here for convenience.
Let, then, the incident, reflected, and refracted waves be as indicated in Fig. 147 ; let their amplitudes be a, 6, and c, respectively; let the velocity in the first medium be v, and in the second v'} and let the densities of these media be p and p', respectively. Then, since the energy in the incident wave is divided between the reflected and the refracted waves without loss, and, in each case, is proportional to the volume affected, obviously, and to the square of the respective amplitudes as immediately explained below,
vpa* = vpV + v'p'c* — . cos ^
in which i is the angle of incidence and r the angle of refraction.
To show, as just assumed, that sound energy is proportional to the square of the amplitude, let/ be the restorative, or elastic, force; a the amplitude (extreme displacement of a particle from its position of rest) and w the work of displacement. Now, / is proportional to the compression, that is, to the displacement x, say. Hence,
dw = fdx but
/ = kx, k being a constant, and
k xdx =   a2.
Now, v/vr = sin i/sin r\ hence,
p(a2 - &2) sin 2i = p'c2 sin 2r.
Also, as above explained,
/p'YA _ v  _ sin i yp J    ~~ v'      sin r
Therefore,
Furthermore, if there is no slipping between the media at their interface, and it seems impossible that there can be, to an appreciable extent, then the algebraic sum of a and b must equal c, or algebraically
a + b = c. Hence,
a — b = c tan i cot r
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